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Abstract. 2014 The structure of the conduction band near the H point is analyzed by interband magnetoabsorption performed at 2 and 4.2 K in the Faraday configuration with circularly polarized radiation (03B5+, 03B5-). The present data provide evidence for warping in the conduction band (arising from the relativistic terms quadratic in k) which is experimentally manifested by an original effect of levels interaction. The valence band warping is shown to induce secondary transitions unambiguously observed in the 03B5+, 03B5-spectra. The magnetoabsorption spectrum with q ~ c, 03B5 // c exhibits strong spatial dispersion effects, which are shown to be crucial for the interpretation of the spectra in this geometry.
All experimental spectra with H // c (including also magnetoabsorption in the Voigt geometry q ~ c, 03B5 // c) are quantitatively interpreted. The 1. Introduction. - The symmetry of the valence (H4) and conduction (H6) band edges and their localization near the H, H' points were first established by Hulin [1] .
From the first k.p analysis including relativistic corrections performed by Rebmann, Rigaux and Suffczynski [2] and more recently by Doi, Kamimura, Shinno, Yoshizaki and Tanaka [3] , the dispersion relation for the conduction band was derived.
Previous experimental data [3] [4] [5] [6] [7] have revealed the complexity of the magnetoabsorption spectra which was shown by Shinno et al. [8] to be a consequence of the terms linear in k in the conduction band. From experiments with unpolarized radiation these authors determined several conduction band parameters.
However, for H // c, the use of circularly polarized radiation in the Faraday configuration proves to be essential to separate each individual transition excited by both components of the electric vector and to resolve the structures of the spectra necessary for an extended theoretical analysis.
We previously reported [6] preliminary experimental spectra obtained at 4.2 and 2 K in the Faraday configuration, with e+ and s' circular polarization, with the magnetic field parallel to the c-axis. figure 6 , the magnetic field dependence of the magnetoabsorption lines previously [5] [3, 8] performed with unpolarized radiation. The magnetic field dependence of the lines (Fig. 4 The terms proportional to G do not influence the selection rules. Unless the value of 2 nsG 2 k2z at the singular points of the joint density of states is comparable to S2 kz2 and 2 nsC2, there is little hope of determining G from magnetoabsorption data for H // c. In fact all these data can be consistently interpreted with G = 0.
In figure 7 we plot the kz dependence of several magnetic subbands for two different values of the magnetic field using the band parameters deduced from experimental data (section 5). One can see that at low magnetic field the n-levels exhibit two minima which are the remanence of the structure at H = 0.
As the field increases the minimum at kz &#x3E; 0 disappears. The n+ levels have only one between the adjacent levels is much smaller for the series n-than for the series n+.
3 . 2 VALENCE BAND. - The structure of the valence bands in Tellurium has been discussed in several papers [10] [11] [12] [13] . It [3] .
The corrections (10) to the initial state wavefunctions resulting from intervalence-band mixing modify slightly the relative strengths of transitions (12) The transitions n = n' + 3 and n = n' -2 originating from the second order in k mixing of the H6 valence bands with the H4 band will be called later the, warping induced transitions. Probabilities of such transitions depend on the quantum number n and on the magnetic field as (C,+-n)2 H2(n + 1) (n + 2) for n = n' + 3 and (CI)2 H 2 n(n -1) for n = n' -2.
The strengths of the warping induced transitions are expected to increase with n and H. These transitions were not considered in references [3] and [8] .
The (Fig. 4, 5 Thus we ascribe the first series of lines to transitions n' -+ n -and -+ 0, and the second series is attributed to transitions n' -n + .
We now consider the transition probabilities to achieve the assignment of the lines. The zero order transitions obey the selection rules :
Relative transition probabilities From the Yn values, solutions of eq. (16), we can assert that the strongest transitions are n -(n + 1)-for 8+, 0 -+ 0 and n -n+ for 8-.
The dominant lines in the e -spectrum (n -n+ ) converge to the higher extrapolation point (337. 5 meV), except line 2 which is obviously identified as the transition 0 --+ 0. The strongest peaks to the e+ spectrum, identified as n -(n + 1 ) -transitions, converge to the lower energy point, in good agreement with the experimental observation. The theoretical analysis of the intensities qualitatively agrees with the experimental features : in both series of dominant transitions n --&#x3E; (n + 1 ) -(e + ) and n -n + (.e -), the intensities are weakened as n increases due to the displacement of the critical point (I Y± decreasing with n at fixed magnetic field).
The transitions induced by the conduction band k-linear term exhibit the opposite behaviour, the intensities are enhanced as n increases. This effect is particularly well observed in the series n --+ n -. It We have identified these transitions to the additional lines observed for circular polarization : the transitions n -+ (n -2)-(n &#x3E; 3) correspond to the lines (5"), (8) , (10), (12) of the spectrum s +, and the transitions n -+ (n + 3)-are assigned to the lines (5'), (7'), (9'), (11') of the spectrum E- (Fig.10,11 ). Experimental spectra presented in figures 1-3 show the transitions induced by the warping which are particularly well observed in the high energy region i.e. for high quantum levels or in strong magnetic fields (Fig. 2, 3 ). This observation is in good agreement with the theoretical dependence on n and H of the transition probabilities. (Fig. 6) shows with weaker intensities the dominant transitions 1, 2, 5, 7, 9, 11, 13, A, B observed in the spectra e+ , ewith q % c, and also additional strong transitions (lines 3, 4, 6, C, 8, 10, 12, 14,. ..). It should be pointed out that line 4 is characteristic of the spectrum E 11 H, whereas the other dominant transitions 3, 6, 8, 10, 12 lie in the proximity of the weak lines (labelled 2', 6, 8, 10, 12) observed for s-in the Faraday geometry.
The observation of identical transitions in both magnetoabsorption spectra s 11 H and e+, E-is in apparent contradiction with the theoretical considerations, as we prove in section 4.1 that the selection rules of P,, do not coincide with those of the P + and Poperators. However, there is both experimental and theoretical evidence that this effect should be attributed to the spatial dispersion of the dielectric tensor. Besides the usual manifestation of the spatial dispersion by the optical activity, Tellurium exhibits magnetooptical evidence of spatial dispersion effects : in the geometry E // H, for light propagating perpendicular to the c-axis (q f y), the strengths of several magnetoabsorption lines are considerably modified by the reversal of the photon wavevector q(qy -+ -qy) [5] .
This effect, particularly remarkable on the lines 1 and 2 ( Fig. 9) It should be mentioned that the spatial dispersion effects do not change the overall structure of the dielectric tensor for q // z, so that in the Faraday geometry the circularly polarized transverse electromagnetic waves are still proper eigenmodes and can be treated separately as it was done above.
The transitions induced by the component 8z originating from the first order of the Landau wavefunctions are n -+ (n -1)± and n -+ (n + 2)± (eq. (13)).
The identification of these transitions to the most intense and specific lines of the spectrum £ ll H 11 c is made in figure 12 . The spacing between the subsequent electronic Landau levels within the series n -is close to the spacing between the valence band Landau levels (Section 5. 3). As a result, the transitions n -+ (n + 2) -are energetically close to the transitions n -+ n -of the g -spectrum, and to the transitions n -+ (n -2)-of the e+ spectrum. [12] at the top of the valence band, while the dispersion relation eq. (7) (with q 0) [12, 19] predicts the opposite variation with k,-of the transverse effective mass. We verified that our magnetoabsorption spectra cannot be properly fitted with m,,,Imo , 0.108. The conduction band parameters given in reference [8] are not compatible with our data, the existing discrepancies in g, B, C largely exceeding the uncertainty of our results.
6. Conduction band Landau levels. interaction. -A careful analysis of the transmission as a function of the magnetic field at fixed photon energies in the region 343-349 meV shows that the minima, which in the high field region are labelled B and 7', are always distinct and never overlap (Fig. 13) smaller than about 1.2 meV (Fig. 13) . We previously identified the stronger minimum (B) as 1 -+ 1+ zero order transition and the weaker (7') as the valencewarping-induced 1 -+ 4-transition. The particular behaviour of B and 7' transitions is an experimental evidence of the interaction between 1 + and 4-conduction band Landau levels.
In section 2 we neglected, in the conduction band Hamiltonian, the second-order relativistic terms proportional to the constant F. The neglected part H' of the effective Hamiltonian has the form :
This operator couples the electron Landau levels n with the levels n ± 3. The corresponding matrix (Fig. 7) .
By figure 10 represent the corrected field dependence of the transition energies. They reproduce well the observed field dependence of the energy distance between the transitions B and 7'. The effect of level interaction exists also for transitions 2 --+ 2+ and 2 -+ 5-; the critical field for this pair is about 35 kG, but as the matrix element ofJC' is enhanced due to the factor [(n + 1) (n + 2)]1/2 the effect becomes visible below the critical field.
As a result, in the region close to the critical field, the distance between curves 22 + and 25 -increases and approaches its experimental value.
In the case E+, the selection rules do not allow observation of transitions from the same initial state to two interacting Landau levels. The effects of interaction is therefore less direct and is reduced to slight corrections to the slopes of certain lines in figure 11 . In this situation we are convinced that the case E-, where the effect of interaction is directly observed experimentally, is conclusive.
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